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Description 

FIELD OP INVENTION 

^ [OOOI] The invention relates to a method of epltaxially growing a MCrAJY-coating according to the preamble of claim 
1 and to an article coated with the MCrAIY-coating according to the preamble of claim 4. 

STATE OF THE ART 

f o [0002] Components destgnsd for the use In the area ot high temperature, e.g. blades or vanes of a gas turbine, are 
usually coated with resistant costings. The coating protects the base material against corrosion and oxidation dua to 
the thermaJ effect of the hot environment and consists of an alloy mostly using the elements Al and Cr. Most turbine 
components are coated forth© protection from oxidation and/or corrosion with, for example, a MCrAlY coating (base 
coat) and soma are also coated with a thermal barrier coating (TBC) for thermal insulation. MCrAlY protective overlay 

is coatings are widely known in the prior art. They are a family of high temperature coatings, wherein M is selected from 
one or a combination of iron, nickel and cobalt. As an example US-A-3,528,851 or US-A-4,585;481 are cfisclosing such 
kind of oxidation resistant coatings. US-A-4, 152,223 as weB discloses such method of coating and the coating Itself. 
Besides the yp-MCrAIY-ccatlng, there is another class of overlay MCrAlY coalings which are based one 7^-gamma/ 
gamma prims-structure. The advantages of yy-coatings is that they have a negligible thermal expansion mismatch 

so with alloy of the underlying turbine article. For higher thermal fatigue resistance the yy-coaling are more convenient 
compared to the yp-type of MCrAlY-coatings. A higher thermal fatigue resistance in coatings is most desirable since 
failure of the most turbine blades and vanes at elevated temperature is typically thermal fatigue driven. 
[0003] Among -yrY-coatings and yp-coatings, the field of yfl-coatings have been an active area of research end a 
series of patents has been Issued. E.g. a MiCrAJY coating Is described in US-A-3,754,903 and a CoCrAlY coating in 

S3 USnA-3,878,058. US-A-4,346,137 discloses an improved high temperature fatigue resistance NICoCrAIY coating. 
US-A-A41 9.416, U&A-l.ESMai, R&32,121 and US-A-A-4,743^1 4 describe MCrAlY coatings containing Si and Hf. 
US-A-4.31 3,760 discloses a superalloy coating composition with good oxidation, corrosion andfatlgue resistance. 
[0004] In contrast lo the yp^coatings, meyy-typeof MCrAIYcoatings, known e.g. from US-A-4,973,445j are relatively 
new. The unique feature of this type of yZ-coatlngs Is That their thermal expansion mismatch is close to zero in com- 

30 binatlon with a high ductility, what make these coatings more resistant to triermal fatigue. However the limitations are 
the low aluminum content and hence their low reservoir of aluminum. 

[0005] Furthermore, US-A-4, 758.480 discloses a class of coatings whose cornpositlon Is based on the composition 
of the underlying substrate. The slrnjlarity in phase structure and In the chernical composition renders the mechanical 
properties of the coating similar to those of toeiubstrate thereby reducing thermornechanic^F/rr^uced damage during 
as service. However, when this coating Is applied by traditional means-ori the single crystal substrate, the oEference in 
the E-modulus between <010> oriented surface. layer of the.substrate and randomly oriented posting grains produce 
high TMF damage. - : " ■„ •• \ ' • • V-"' 

[0006] 7 US-A- 51282,789 discloses the further Improvement of the TMF properties, of the coating^substrate system. 
The cbating, which has cornpbsitwn and pr^e sfiriictu re' similar to the substrate alloy, has at least 1000 times more 

40 fine-grained structure, produced by a special technology. The lowermost Interface portion of the fine-grained coating 
grows epitaxlaliy, and therefore has the same crystaj orientation as the substrate. Epitaxial growtrisdlves also coating 
/ substrate interface adhesion problem. ••' " ■'. ■ . - '* ■ 

[0007} ".However, the system of a single : crystai substrate and the.muftcrystal costing stilt has a large difference In 
the mechanical behavior between the substrate and the coating as any equiaxed stnJCture possesses E-modulus much 

«s higher than those for single crystal material In <opl>' direction; Higher 'E-modulus refteclB in lower IMF life bf the 
coaling compared to the substrate (although the stresses on sulbstrate-ooertlng interface are sighrflcantfy reduced com- 
pared to. the traditional costing - substrate system), Multiple grain bbuiio^rteis drastically reduce the creep resistance 
of the fine-grain coating, which finally determfnes life of the entire blading system. 

[00OS] Therefore, in general, US-A-a^^TO^ is disclosing a rnethod for producing rnonocrystailine structures on 
50 substrates with monocryatalllne structures by using art energy beani of high energy from an energy source. The material 
which is to be introduced into the monocrystallirie structure Is supplied to the melted region of the substrate. .The 
supplied material is completely melted. An similar method la known from FP-A 1-740 677. 
[0009] More special, EPA1-1 001 OSSisdlsctosingahtorAlY^ 

by the coating is eprtaxialiy on The base material and the coating Is grown with a single crystal structure. The coating 
55 « app&ed by taeer cladding. It was found! In fact, that it was difficult to grown a defect free epitaxial coating with the 
mentioned y (gamma) h{ (gamma prime) forming coating material within this document When using other eommarnially 
available highly oxidation resistant alleys for the laser cladding process, the single crystal rrucroetruetura can not be 
maintained. Hot tearing cracks and the breakdown of single crystal solldfflcation occur In the cladded structure, which 
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resufts In the formation of undesirable aquiaxed grains. 

SUMMARY OF THE INVENTION 

s [0010] It is object of the present invention to find a method of depositing a yj^MCrAIY-coating and to determine In 
detail the parameter of a defect and crack free coating material t which is epitaxial with the base material, and, in 
addition, the parameter of the method of depositing. The epitaxial coating Id grown on The single crystal substrate, 
which means that it has the same crystaJtographic orientation as the substrate. 

[001 1 ] According to the invention a method of depositing a bond MCrAIY-coating according to the preamble of claim 
io 1 was found, wherein the MCrAIY-coating material Is melted on the surface of the article and epltaxially solidified and 
wherein the MCrAlY is composed in a way that during solidification of the applied MCrAIY-coaling material first a y 
(gamma)*phase is solidified and, subsequently, a p (beta)-phase. 

[001 2] Accorolng to the Invention a bond MCrAIY-coating according to the preamble of claim 4 was found, whBrein 
the MCrAJY has a -^phase. The composition of MCrAlY is made in a way that during solidification of tiie applied 
15 MCrAl Ycpatfng materia! first a 7 (gamma)-phase precipitates and, subsequently, the p (bela)-phase. 

[001 3] Advantageous, the MCrAIY-coating has a solidification interval AT a of smaller than 30" C, whereby it hae to 
have a temperature Interval AT^ of the last 5% liquid of smaller than 15* C. Both factors, determine the width of the 
mushy zone, the narrower the mushy 2one the lower is the susceptibility for hot tearing during the cladding process. 

- Narrow mushy 2one means that little Interdendritic liquid is subjected to shrinkage stresses during the process. 

•20 [qqi 4] The chemical composition of the new coating should be as dose as possible to the eutectlc line of the 7 and 

* f^phase, on the 7-phase side of the eutectic line of the phase diagram nickel - aluminum - chromium ternary. When 
the chemical composition of the coating id close to the eutectic line, the change in the chemical composition of the 
residual Qquid during the solidification process wlB be minor resulting in a better SX cladding behavior. 
[001 5] As an example, the coating has the following composition (wt-%) 15 - 30% Cr, 5.0 - 10% Al, 0.1 - 1.2% SI, 

*5 0.4 - 1 2 Y. 0 - 0.1 Hf, 0,1 - 1 ,2 Te, Balance Ni or Co wfth S (Al +• Si) < 11,5 wt.-%, Z (SI + Ta) < 2.5 wt-%, X (Y+ Hf + 
Zr +La) < 1 .5 wt.-%, C; max. 0,03 wt.-%, Ca: 0 - 1 wt.-% and Mg: 0-1 wt.-%. 

[001 6] According the invention and to obtain a small solidification interval the coating comprises an addfflon of (wt.- 
%) Si < 1.0 %, Hf < 0.5 % , Y < 0.5 %, Ta < 3 % and Zr < 0,3 % individually or a combination thereof. For increased 
oxidation resistance the coating will comprise an addition of Fa, Ga, Mg, Ca individually or a combination thereof. 
so [001 7] 1 n an advantages embodiment/ the MCrAIY-coating is applied by laser cladding with a thickness of 1 00 to 
300 jim and the article rs a gas turbine component made a from nickel base super alloy. 



BRIEF DESCRIPTION OF DRAWINGS 
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[001 8J This invention is illustrated in the accompanying drawing, In which 

Fig. 1 shows a schematic representation of a laser dadoing process 
Fig. 2 shows an example of an epltaxially yp-MCrAIY-coating according to the invention and 
Fig- 3 shows an example of a non epltaxially y^MCrAIY-coating. 

[001 9] The drawings show only parts important for the invention. 

DETAILED DESCRIPTION OF INVENTION 

«s [0020] This Invention Is related to a method of epitaxialry growing a MCrAIY-coaling 6 having a yjMnicrostructune 
onto a surface 5 of an article 4 such as blades or vanee of gas turbines or any other part which fs exposed to a hot 
temperature environment. The article 4 has a single crystal (SX) structure and can be made, as an example, from a 
nickel base super-alloy. Nickel base superalloys are known in the state of the art e.g. from the document US-A- 
5,888,451 , US-A-5, 759*301 orfrom US-A-4.643,782, which is known as "CMSX-4". In general, figure 1 shews a laser 

so cladding process which is characterized by impinging particles of the MCrAIY-coating material wtth a powder jet 1 onto 
a molten pool 2 formed by controlled laser heating by scanning the laser beam 3 successively over the surface 5 of 
the single crystal article 4. The arrow 7 shows the direction of the movement over the article 4. 
[0021] The laser cladding technology hae been used to apply an epitaxial MCrAIY-coating 8 with 100 - 300 um 
thickness on the single crystal superaHoy article 4. The coating 8 has a ^structure and Is epftaxlaJfy grown on the 

55 article 4, which means that it has the same crystal orientation as the article 4. 

[0022] According to the Invention during solidification of the melted MCrAIY-coating 6 onto a surface 5 of an article 
4 due to the composition of the MCrAIY-coating first a 7 (gamma)-phasa is solidified and, subsequently, a p (bete> 
phase. The y or -/-phases within MCrAlY coatings and in superalloy base materials are face-cubic centered (foe) struc- 
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tured, A p phasa is, in contradiction, base-cubic centered (face) structured, i.e. there is a lattice mismatch between the 
Y and the P phase. When the p phase ts growing onto the Ysubstrate this lattice mismatch leads immediately to Internal i 
stresses, which always results in cracking. When the p phase is the second phase to solidify, which means the p-phase • 
is solidifying In the Interdendrrte areas, hot tearing can easily be avoided because the boc structured P-phase. The p- 

5 phasa shrinks fess during solidification compared to the 7-phase and has a larger volume than the y phase, which 
means minor shrinkage during solidification, and is therefore stabilizing the y dendrites as they grow. Due to facts 
mentioned above the coating has a very low susceptibility Tor hot tearing and cracking during stress relief heat treat- 
ments. Thus, the coating Is crack free. Subsequently, the cladding of the yp-coatlng gives a higher flexibility In the 
laser process parameters such as cladding speed and laser power, which leads in an increased process window. 

10 [0023] Therefore the chemical composfflon of the new coating 6 should be close to the eutectic line of the y and p- 
phase, on the f phase side of the eutectic fine of the phase diagram nickel • aluminum - chromium ternary. Whan the 
chemical composition of the coating Is close to the eutectic line, the change fn the chemical composition of the residual 
liquid during the solidification process will be minor resulting f n a better SX cladding behavior. 
[0024] Furthermore, ft has be found that the following factors are critical forthe successful epitaxial growth of the 

15 MCrAJY«>ating 6 having the yp-etructure. The solidification Interval AT 0 of the coating 6 must be narrow, e.g. smaller ■ 
than 30°c. 

[0025] A yp-MCrAIY-coating 8 according to the Invention has the following preferred range of (wt.-%): 1 5 - 30% Cr, 
5.0-10% Al, 0.1 -1.2 % Si, 0.4- 1.2 Y, O- 0.1 Hf , 0.1 - 1 .2 Ta, balance Nl or Co and unavoidable impurities with X (Al 
+ Si)< 11.5 %,£(Si + Ta)^2.5%,2:fY+Hf + Zr+U)< 1.5 %,C max, 0.03 %, Ca; O - 1 % and Mg: 0^1 %. 

so [0026] In an advantageous embodiment the concentration of minor elements in the coating, I.e. Y, Hf , Si, Zr and Ta 
must be adjusted to design the solidification behavior of the coating alloy. Some of those elements widen the solidifi- 
cation Interval e.g. SI. This results In the formation of interdentric liquid with low solidus temperature phases with hot 
tearing phenomena (solidification cracking). The concentration of the minor elements such as Y, Zr and Ta must be 
adjusted to avoid formation of brittle phases CO ntalnlng these elements and sensitive to cracking under residua! stresses 

& produced during cooling after solidification. Thus, according to the invention and to obtain a small solidification interval, 
the following conditions have to be fulfilled (wt-%) Si < 1 .0 %, Hf < 0-5 %, Y < 0.5 %, Ta < 3 % and Zr < 0.3 %. 
[0027] Another important factor Is that the last 5% liquid must be smallerthan 15°C. Both factors, the small solidifi- 
cation interval and the temperature Interval AT 1 of the last 5% liquid determine the width of the mushy zone, the narrower 
the mushy zona the lower is the susceptibility for hot tearing during the cladding process. Narrow mushy zone means 

#> that little interdendrftfc liquid is subjected to shrinkage stresses during the process. 

[0028] The coating 6 may contain the elements SI, Hf and Zr and a small addition of Ta, Fe, Ga, Mg, Ca Individually 

or a combination thereof as well for Increased oxidation resistance, 

[0029] Example* for the coating according to the Invention is shown in table 1 (wt.-%) 

S5 ' Tab.1 
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Example 


Nl 


Co 


Cr 


Al 


Re 


Ta 


Si 


Y 




ATofC] 


I 


Bal. 


24 


12 


11.5 


3 


0,5 


1.2 


0.5 




100 


II 


Bal. 


36 


22 


10 








1 




80 


III 


Bal. 


40 


23 


9 




1 


0.5 


0.4 
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[0030] The ATq of Coating I, II and III respectively are 10O*c, BO^C and 25°C, The coaling I could not be grown 
epitaxialiy due to the fact the here beta phase appears first and, thus, an equiaxed structure is formed. The coating II 
also behaved similarly. In according to the invention the coating 111 could be grown defect free and epitaxialiy. 
[0031] On the other hand, when the laser parameters e.g. such as laser powar, scanning speed, protection gas are 
optimized and balanced against each other forthe deposition of the single crystal MCrAfY coating 6 onto a single 
crystal base material. The alloys design of the newly MCrAJY coatings enables the maintenance and growth of the SX 
coating. 

[0032] The Example of Pig. 2 shows a workplace as a result of a coating from this invention with a fully SX-structure 
and no cracks. The conditions of the annexed claims have been fulfilled. The very even and parallel dendrite structure 
Indicate the SX structure of the ciad, this has been also proven with the Electron Back Scattering Diffraction (EBSD) 
KOcuchi technique. 

[0033] In contradiction. Fig. 3 shows an example of a non-epitaxiaity nucleation at the CMSX-4 subetrate with a 
coati ng according example I in table 1 . It shows an alloy, where 0 phase is the first phase to soDcfify. The bright dendrites 
which are visible Is the re-melted base material. Alihough cladded with optimized laser parameters the coating material 
was very difficult to apply. Outside of the rags of the conditions of the claims it is very susceptible to hot tearing and 
breakdown of single crystal structure. 
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REFERENCE NUMBERS 
[0034] 

5 1 powderjet 

2 molten pool 

3 laser beam 

4 article 

5 surface of article 4 
it* 6 coating 

7 direction of movement 

AT 0 Solidification interval of coating 6 

AT-j Solidification interval of the last 5% of liquid of the coating 6 

13 

Claims 

1. A method of epBaxiaJry growing a MCrAlY-coating (6) onto a surface (5) of an article (4), the article (4) having a 
so single crystal structure, wherein the MCrAIYcoatlrrg (6) has a - structure and the coating material Is melted Dn 
the surface (5) of the article (4) and eprtaxiaJly solidified and wherein the MCrAlY is composed In a way that during 
eolWFrlcatlon of the applied MCrAlY-coating material first a y (gamma>phase b solidified and, subsequently, a 0 
(beta)-phase. 

£5 2. The method according to claim 1, wherein the MCrAJY-coatiflg (6) eoiidffles In a solidification interval {ATy Of 
smaller than 30° C. 

3. The method according to claim 1 , wherein the last 5% of the MCrAlY-coating (6) liquid solidifies In a temperature 
interval smaller than 15°C. 

so 

4. The method according to claim 1 , wherein the MCrAIYooatlng (6) Is applied by laser dadoing. 

5- An article (4) having a surface (5) and a single crystal structure, the article (4) coated with protective MCrAlY- 
coating (6), which MCrAlY (6) le epttaxiaily grown on the surface (5) of the article (4), wherein the MCrAlY has a 
33 yp-phase. 

6. The article (4) according to claim 4, wherein the composition of MCrAlY Is made In a way that during solidrf ication 
of the applied MCrAlY-coating material first ay teamrna)-phase precipitates and, subsequently, the 0 (beta)-phase. 

4Q 7. The article (4) according to daim 5 or 8, wherein the MCrAlY-coating (6) has asolldffteation Interval (ATq) of smaller 
than 30*0. 

8. The article (4) according to claim 5 or 6, wherein the MCrAIY-coaiing (8) has a temperature interval (ATj) of the 
last 5% liquid of smaller than 1 5° C. 

45 

9. The article (4) according to claim 5 or 6 ; wherein the chemical composition of the new coating 6 id be close to the 
eutecDc line of the j and p-phase. on the y-phase side of the eutectlc line of the phase diagram nickel - aluminum 
- chromium ternary. 

so 10. The article (4) according to cfaim 5 or 6, wherein the MCrAJY-coating (6) has a thickness of 100 to 3O0 urn. 

11. The article (4) aeeordmg to claim 5 or 6, wherein the MCrAlY-coating (6) is applied by laser dadding. 

12. The article (4) according to claim 5 or 6, wherein the MCrAlY-coating (6) fa. crack free. 

33 

13. The article (4) according to claim S or 6, wherein the coating (S) has the following composition (wt-%) 15 - 30% 
Cr,5.0-10%AI, 0.1 -1.2%Si f 0.4-1.2 Y. 0-0.1 Hf, 0.1 - 1 -2 Ta, balance Ni or Co and unavoidable Impurities 
wlth£(AI+S0<11.5% l £(Si+Ta)<2.5%,Z{Y+Hf>Zr+U)<1,5%.Crnax.O.o^ 0*1 %. 
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14. The article (4) according to claim 5 or 6, wherein the coating (6) comprlfias an addition of Si < 1 .0 %, Hf < 
0.5 %,Y< 0.5 %> Ta < 3 % and Zr < 0.3 % individually or a combination (hereof. 

1 5. The article (4) according to claim 5 or 6, wherein the coating (6) comprises an addition of Fe. Ga, Mg, Ca indh/iduaJly 
5 or a combination thereof 

1 6. The article (4) according to any of the claims 5 to 15, wterein it is a gas turbine component made from nickel base 
super alloy. 

15 

20 

23 

30 

35 

40 

43 
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